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A FETAL ELECTROCARDIOGRAPHIC ELECTRODEt
Although it is sixty years since the first fetal electrocardiogram (FECG)
was recorded by Cremer,1 it is only in recent years that attempts have been
made to improve the FECG signal-to-noise ratio so that FECG configura-
tion changes can be evaluated and the FECG used as a reliable trigger for
automatic fetal heart rate (FHR) counting circuits. While the FECG
signal-to-noise ratio can be improved by group averaging a number of
consecutive FECG complexes with a digital computer,"' the most direct
method is to attach an electrode directly to the fetus by either the trans-
abdominal or transcervical routes." Unfortunately, the difficulties and
hazards of these procedures limit their use to research.
Some seven years ago, an electrode was made from a wound clip,
insulated, and attached to the fetal presenting part.' This was applied after
rupture of the membranes, with the cervix at least 2 cm. dilated and the
presenting part no higher than a -2 station. With this electrode, it has
been possible to accumulate a sizeable body of research and clinical data
on the FECG and FHR patterns that was previously not available. Cur-
rently, the construction of the electrode is being revised with newer
insulating materials.
While the statistical evaluation of the revised FECG electrode is not yet
complete, the marked improvement in FECG signal-to-noise ratio obtained
with these electrodes has so improved FHR monitoring techniques that
they will be described at this time. Our earlier FECG electrodes usually
provided signals of 50 to 75 microvolts in amplitude. With the revised
electrode, FECG's are usually in the range of 300 to 500 microvolts and
signals as high as 800 microvolts have been recorded. As a result, there is
a pronounced improvement in the FECG signal-to-noise ratio so that the
details of the FECG baseline can be identified clearly and an almost
artefact-free plot of FHR obtained throughout labor and delivery.
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In the design of the original FECG electrode, the major consideration
was the detection of the FECG so that it could be used as a trigger for
automatic FHR monitoring and little attention was paid to its adequacy
for the recovery of FECG details. Over the years, it has become increas-
ingly apparent that a directly recorded FECG may provide complementary
information of value and a doser examination of the types of metals used
in electrode construction became highly important.
Two types of FECG electrodes are currently being evaluated. The first
(silver, nickel-silver) is satisfactory for FHR studies, but it does not
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FIG. 1A. Silver, nickel-silver electrode.
always provide a stable FECG baseline. Where FHR patterns are the
primary concern, it is more than adequate. The second type (silver, silver-
chloride) is also good for FHR studies; in addition it provides a less
noisy and more stable FECG baseline.
MATERIALS AND METHODS
The following materials and method of electrode construction are not unique and
have been chosen to meet the cardinal requirements of adequate insulation and
efficient use of electrode materials. These requirements, however, may be met in
other ways.
Silver, nickel-silver FECG electrode (Fig. 1A)
Materials:
16 mm. nickel-silver serature wound clips
25 gauge fine silver wire
Alpha #1853 red hook-up wire (Specification MIL-W-16878D)
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Alpha #1853 green hook-up wire (Specification MIL-W-16878D)
*-inch diameter heat-shrinkable Silastic tubing (Dow Corning type 1410)
Insulating tubing, 19 gauge polyvinyl chloride
Silastic medical adhesive (Dow Corning type A)
Insulating varnish (Dow Corning type 997)
Method:
The negative electrode is made by cutting off the right angle projections on the
back of the wound clip (which are normally used for opening the clip), the cut edges
are ground and the entire clip buffed to remove any sharp edges that may cut the
Silastic tubing. An 18-inch length of green hook-up wire is carefully soldered oin
the underside of the clip about % inch from one of the points. The wire is then
routed along the side of the clip, and at its middle the wire is bent at right angles
so that it projects backwards. A hole is then made in the middle of a 7,-inch length
of Silastic tubing with an 18-gauge needle and the green wire threaded from the
inside of the tubing through the hole. The clip is then lightly coated with Silastic
adhesive and the tubing carefully stretched over the clip so that it extends about
5/8 of an inch beyond its ends. In this way, the clip is now covered with tubing so
that only the points of the clip penetrate it. (In order to get the tubing over the
clip, it is necessary to increase its diameter by prestretching.) The assembly is then
heated (300-7000 F.) so that the tubing contracts around the clip, and the excess
tubing is trimmed from both ends. The ends of the tubing and the hole where the
green hook-up wire emerges from the back of the clip are then carefully sealed with
Silastic adhesive.
The positive electrode is made by soldering a small coil of fine silver wire to an
18-inch length of red hook-up wire. The soldered joint is then coated with insulating
varnish and a small piece of insulating tubing pushed over it. The FECG electrode
is then assembled by threading the green hook-up wire through the silver coil until
it is about /2 inch away from the back of the wound clip. The wires are then twisted
together. The entire assembly is then dipped in insulating varnish and baked for four
hours at 3500 F. Before use, the points of the clip and the silver coil should be lightly
filed to remove the insulating varnish. The electrode should then be tested for
continuity.
Silver, silver-chloride FECG electrode (Fig. 1B)
To reduce polarization effects and motion artefacts, a silver, silver-chloride FECG
electrode has been used. This can be constructed in a number of ways; the one
described is quite convenient and effective. It consists of a carrier for the negative
electrode, and negative and positive electrodes.
Materials:
18 mm. Michel nickel-silver wound clips
25 gauge fine silver wire
Alpha #1853 red hook-up wire (Specification MIL-W-16878D)
Alpha #1853 green hook-up wire (Specification MIL-W-16878D)
Alphalex heat-shrinkable tubing FIT-105, %-inch diameter
Alphalex heat-shrinkable tubing FIT-105, h-inch diameter
Epoxy cement
Epoxylite insulating varnish 6001-M
56
Voluine 39, August, 1966FECG Electrode I HON
Method:
To ensure that the clip bends in the middle, two small semicircular indentations are
ground in the edges of the clip at its mid-point. Both ends of the clip are then cut off
just inside the points. The remainder of the clip is inserted into a 74/-inch length of
5/'-inch diameter heat-shrinkable tubing, so that about Y8 inch of tubing projects
beyond each end of the clip. The tubing is then heated to 3000 F. for a few minutes
to shrink it in place. This completes the carrier.
The negative electrode is constructed by soldering two A-inch lengths of silver wire
together with a 74-inch length of green hook-up wire (connecting wire of Fig. 1B).
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FIG. 1B. Silver, silver-chloride electrode. Short length of heat-shrinkable tubing
omitted from upper portion of electrode to show construction detail.
One of the pieces of silver wire is also connected to an 18-inch length of green
hook-up wire. An 18-gauge hole is then made in both ends of the heat-shrinkable
tubing about X inch away from the edge of the wound clip and the silver wires
inserted. An '4-inch length of %-inch diameter heat-shrinkable tubing is then
stretched over each end of the electrode assembly (upper piece of tubing omitted in
Fig. 1B to show construction detail). The soldered joints are coated with Epoxy
cement and the tubing shrunk in place. A %/2-inch length of i-inch diameter heat-
shrinkable tubing is then threaded on the green hook-up wire and shrunk in place
(Fig. IB).
The positive electrode is made and the electrode assembled in a similar manner to
that described for the silver, nickel-silver electrode, except that Epoxylite 6001-M is
used for insulating instead of insulating varnish. Following assembly, the electrode is
dipped in Epoxylite 6001-M, drained for a few minutes, and then baked for one hour
at 200° F. The silver wire tips and coil are then filed to remove the Epoxylite and the
electrode lightly chlorided in saturated potassium chloride solution.
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Figure 2 is an example of the quality of FECG which is usually recorded with
this electrode throughout labor and delivery.
COMMENTS
In use, the electrode is connected to a high-gain, low-noise preamplifier,
which has an input impedance of 10 megohms and a bandpass (3db points)
of 1.5 to 50 cps. The output of the preamplifier can be connected to a
conventional electrocardiograph or any other type of display equipment.
Both types of electrodes can be autoclaved and used repeatedly if the
insulation and silver-chloride are checked carefully between uses. However.
m m P T
Y66-O 3
FIG. 2. Example of FECG recorded with silver, silver-chloride electrode. P and T
waves are easily identified. A small amount of interference from the maternal ECG
is also seen which is labelled "m." Calibration mark at left is 300 microvolts.
more consistent and reliable results are obtained by using the electrodes
only once. Even though they are somewhat tedious to make, the time
involved is relatively small and is felt to be worthwhile.
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